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Overview

w0 - Systems Engineering Team

2 - Systems Engineering Management Plan (SEMP)

- IR Requirements Development, Flow Down, & Tracking
WY - Verification

& - GSFC Rules Process

z - Engineering Peer Reviews

48 - Risk Management

#8 - Systems Engineering Status

:
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« Debbie O’Neill/599 - Core Spacecraft Systems Engineer
« Dave Bundas/599 - Constellation Spacecraft Systems Engineer
« Tom Toutsi/303 - System Assurance Manager

 Tin Lee/565 - Electrical Systems

- Jay Parker/543 - Mechanical Systems

- Greg Greer/545 - Thermal Systems

« Carver Audain/582 - Software Systems

- Steve Bidwell/556 - GMI Instrument Systems

* Clyde Woodall/420.2 - DPR/LV Interface Manager

- Judy Brannen/SAl - Requirements

* Veronica Caprara/BAH - Risk Manager

« Tom Field/599 - Verification

* Nino Ingegneri/302.9, Lydia Lee/302 - Reliability

* Pete Patterson/SAl - Technical Resource Budgets
 Larry Ramsey/546 - Contamination Control

* Mike Rhee/599 - Systems Engineering

« Tim Rykowski/581 - Ground System Engineering

- Jay Spero/610.2 - Ground Data Systems

« Clyde Woodall/420.2 - External Interfaces

N
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Science Objectives
* Improved Climate Prediction
* Improved Weather Prediction
* Improved Hydrological
Prediction

NASA HQ Directives
* Budget Constraints

* Schedule Constraints

* JAXA Partnership

——

=

GPM Concept

Level 1 GPM

Requirements
* Mission:
Measurement
Validation
Products
Duration
* Instrument:
Space Based
Ground Based
* Launch
* Operations
* Science Data System
* Science Products
* Public Outreach

Formulation Studies
* Architecture Trades

* Implementation Trades
* Constellation Trades

A4

* S/C Design Studies

4

GPM Mission
Operations Concept
* Nominal Operations:
Data Flows
Spacecraft Ops
Ground Element Ops
* Special Operations:
Launch and Early Orbit
End of Mission
Attitude Maneuvers
Orbit Maneuvers
Ground Site Coordination
with SC Overflights
* Contingency Operations:
Data Flows
Spacecraft
Ground Elements

GSFC Management

Guidelines
« Systems Engineering GPG

~
\Present & Accept
L1 Requirements )
Accept L2 Requirements
-~ Present Verification Planl
( \ \
— —_—— \
- \
Present L2 Requirements \
i N
Level 2 GPM Mission Veriy FigwDown N
Requirements / / Review & Acdept
* Space Segment: / 7 Element Requirethents
Instruments » v Verify Flow Dowh
Primary Spacecraft ~
Constellation Spacecraft ~ \
* Ground Segment: r |
_ Ground Validation System |
o GPM Precipitation Data
Processing System !
| Mission Operations System !
"] *Launch Services: /
Primary S/C Launch /
- Constellation S/C Launch //
* Process Requirements L.
* Science Reguirements GPM Mission Element /
Requirements /
* Instrument
DPR
> GMI
* Spacecraft
Y Primary
GPM Systems NASA Constellation
* Ground

* GEVS

* GSFC Rules

N
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Engineering Plan
Requirement Management

NASA Mission Operations
> Ground Validation &

Design Tracking

Risk Management
Resource Tracking
Configuration Management

GODDARD SPACE

Calibration
Global Precipitation Data
Processing
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SEMP Overview

- System Engineering Management Plan (GSFC 420.2-02-001-01)
— Describes the Time-phased Plan for System Engineering for GPM
— Original release covered through SRR.

— Updated to detail events up to PDR, and to comply with GPR7120.5A,
Systems Engineering

M EASURZEMES?

- Process described by phase of development and specific
activities

- Each phase detailed with entry criteria, exit criteria, inputs,
outputs, and tasks

- Each phase describes responsibilities for element engineers.

PRECILPIL T AT 1 ON

L O B A L
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| Famuation | Implemertation 1 Operatios |
Missen & & &
SDR PDR CDR
a 1
g Integated Qs I
IS I MOR FOR
Primary Spececrat i <> <> i
1 PeErv  PreShp (
|- Basdline Operations Conoept - Detailed Element Conoept - Detailed Subsystem Conoept
Corcept Developmert Development Development
- Mission L2 Regs Development -Element L3 Regs Development - Resouroe Budgets - Define Corfiguration RecLirements/ - Operationdl Feedback to
Recrirements - Preliminery Resource Budgets - Subsystem L4 Regs Developmert DataDictionary Requirements
Developmert - Prelimirery Elemert Interface -Basdline Resouroe Budgets
[Descriptions -Subsystem ICDs
-Functiondl Element Architecture -Functiond Subsystem Architecture -Physica Companert Architecture
Architecture Design -Physica Schematic Architecture
|- Consider duing requirements - [dentification of long lead production - Prototype and demanstration - Develop andirtegrate componerts -As Built Documentation
Build jdevelopment items - Initiate acauisition forlong lead
productionitems
|- Consicer I&T duing recuirements -Preliminary I&T Plan -1&T Plen -Execute I&T for Pime S/C, Gound -Assess I&T Process
Itegration jdevelopment Systems, GVS, axdSDPS
- Define Verfication Strategy -Vdiddte L2 Recuiremerts (s the -1&T Plan - Veify System Agginst Requirements -Vdickte L1 Recriremerts (s the
Viddtion & comect system being designed?) -Validate L3114 Requiremerts (Hes the comect system been bilt?) mission sucoessful?)
Veificaion - Basdline Verification Method/Plan - Track Resource Budgets -Veify Modds vs. Operdiond Data
- Resource Budget Feadback
X - Consider O&M duing recuirements - Preliminery Operations Plan -Mission Qperations Plan - Simuation Suppat -Qperdios
Qperations & ldevelopmert - Draft Procedures - Procedure Findlization and Valicdtion -Anomaly Resdlution
Mairtererce -Contingency Plans - Data Processingand Delivery
- Qperations Conoept Trades - Subsystem Requiremerts Trades -Qperations Architecture Trades
Trade Studies - Elemert Requirements Trades - Architecture Trades
|- Architecture Trades
PeerReviens - Suppart System Definitionand Team - Suppat Componentdevel Decision - Facus on Operations and Miission -Foous nPiime S/ICI&T - Assess Process
(Mission SE ad aefinition Integration - Qperations Readiness
Elemert) - Validtion Site Pefomance
- Define engneringteems -Foous onelemert requiremerts, - Component ddfinition and detailed -Foous on Systems Integration - Assess Process
Commurnicdions |- Establish Todset for Reg, Arch, achitecture, subsystem interfaces design
[Knomedge Capture, Mod & Sim -SLATE PrimeforRegand Arch
5] |- Define Risk Manegement Process - Identify Subsystem Level Risks - Identify Componert Level Risks - Retire Risks - Track Operatiordl Risks
g Risk Maregemert |- Define Risk Assessmert Process - Define Mitigetion Techniques - Track Risks and Mitigation
2b - Identify Mission, Element Level Risks - Track Risks and Mitigetion -RetireRisks
cE
S § o - Consider Relighility duing - Preimirery Relighility assessmert & - Valickte against elighility - Test agrirst relichility recuiremerts - Verify Reliatility Moddls against
25 !Rd'a:’l'tét recuiremerts developmert comporert level recuirements Qperatiordl Deta
a2F
é i |- Define CM Prooess - Establish CM in Architecture and -EstablishCM inI&T processes -Establish CM in Qperations - Assess Process
I Carfig ration | Estztish CM inReqirements ad Reliatlity processes
Maregement T races

Process

\ GPM Systems Engineering Process Overview
L) @'} GPM SDR December 6-8 2005 System Engineering
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Advanced Studies
- Formulation Guidance to
Proceed

Requirements
Development

- Mission L2 Regs Development
- Preliminary Resource Budgets
- Preliminary Element Interface

Descriptions

Architecture Design

- Functional Element Architecture

Mission <>

SDR
Integrated Ops :
|
Primary Spacecraft :

Entry Criteria - Baseline Operations Concept Exit Criteria
Concept Development
- Code Y Approval of - SRR Approval

- Verified L2 Requirements
Flow Down from L1

- Approved Systems
Engineering milestones
through PDR

- Established Configuration
Management Infrastructure &
Procedure

Inputs

- Formulation Authorization
Document

- Project Formulation Plan
- Advanced Study Results
- Preliminary Science
Requirements

- Draft Level One
Requirements

GPM SDR December 6-8 2005
Process

- Consider during requirements

Outputs

Build development
- Consider 1&T during requirements
Integration development
o - Define Verification Strategy
Validation &
Verification
, - Consider O&M during requirements
Operations & development
Maintenance

System Engineering

GODDARD SPACE FLIGHT CENTER

- Mission Operations
Concept Doc

- Mission (L2) Req's Doc
- Functional Element
Architecture Diagrams

- Preliminary Element
Interface Descriptions

- Trade Study Results

- Risk Management Plan
- SEMP

- Life Cycle Cost Estimates
- Verification Strategy

<



Concept
Developme
nt

Requireme
nts
Developme
nt

Architectur
e Design

Integration

Validation
&
Verification

Operations
&
Maintenanc
e

Lead coordination

and development
Modify Ops Concept
Document

Provide guidance
Ensure
communication
Develop preliminary
interface definitions
Make mission level
decisions

* Perform
functional
architecture
design for
subsystems

* Ensure team
consideration

* Ensure team
consideration

* Develop
Verification
Strategy

* Ensure team
consideration

Ground
Validation SE

* Provide Input

* Develop L2
Ground Validation
System Regs.
Define regs.
imposed on other
elements

Provide
preliminary
interface input

* Provide
architecture
options

* Consider
element build
feasibility

* Consider

element testability

¢ Provide input

¢ Consider O&M

SEMP Process, Pre-SDR Team

Reocnnnsihilities

Precipitation
Processing SE

* Provide Input

* Develop L2 PDPS
Regs.

Define regs.
imposed on other
elements

Provide
preliminary
interface input

* Provide
architecture
options

* Consider
element build
feasibility

* Consider

element testability

* Provide input

¢ Consider O&M

Mission
Operations SE

* Provide
substantial input

Develop L2
Ground
Operations Regs.
Define regs.
imposed on other
elements

Provide
preliminary
interface input

* Provide
architecture
options

* Consider
element build
feasibility

* Consider
element testability

* Provide input

Consider O&M
* Provide O&M input to
Ops Concept

Primary
Spacecraft SE

* Provide input

* Develop L2 Primary
S/C Regs.

* Define regs. imposed
on other elements
Determine Preliminary
Resource Budgets
* Provide preliminary

interface input

* Provide
architecture
options

* Consider
element build
feasibility

* Consider

element testability

* Provide input

¢ Consider O&M

Constellation
Spacecraft SE

* Provide Input

Develop L2
Constellation S/C
Regs.

Define regs. imposed
on other elements
Provide Preliminary
Resource Budgets
Provide preliminary
interface input

* Provide
architecture
options

* Consider
element build
feasibility

* Consider

element testability

* Provide input

¢ Consider O&M

* Provide Input

Develop L2
Instrument Regs.
Define regs.
imposed on other
elements

Provide

preliminary
interface input

* Provide
architecture
options

* Consider
element build
feasibility

* Consider

element testability

* Provide input

¢ Consider O&M
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- Telelogic DOORS® Requirements Management Tool
(http://www.telelogic.com/corp/products/doors/doors/index.cfm)

- Telelogic DOORS is the world’s leading requirements
management tool, it is a multi-platform system designed to
capture, link, trace, analyze and manage changes to information
to ensure a project’s compliance to specified requirements and
standards.

— Telelogic continues strong support for the software.

— Corporate usage in this industry Lockheed Martin, Boeing, Raytheon, BAE
Systems.

- More than simply a requirements management tool
— Architecture based

- Interfaces to standard tools
— Excel
— Word
— Visio
- Doors is used on center by SDO, JWST, GOES, ST8, LRO.

W
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(Generated Outside of DOORS)

Input Materials

Level1 GPM
Requirements

GPM Mission

Operations
Concept

Engineering

Systems

GPGDraft 6

4

Output Materials
(Generated by DOORS,

Cleaned up by Word,

Excel, etc.)

Level2 GPM

Requirements

Technical
Resource

Establish
DOORS Schema
* Fdder Structure
* Type Définitions
* Access Privileges

GPM DOORS Database
GPM Mission
* Develop Level 2 Requirements
* jerarchy Elements
Mission Folders .
* Level 1 Requirements Mission
* Level 2 Requiremerts Hierarchies
* Process Requirements * Physical —
* Furctiond
Generate
DOORS Reports
. * Requirements
Allocated Requiremerts Flow toNext Level * Requirements Staius
/
GPM Elements
Ground Elements
‘ Instruments
r Spacecraft \‘
SpacecraftFolders
* Defined by S/C Marager
Spacecrat Hierarchies
| *Defiredby SCMarager
* Develgpnext leve requirements
* Develgp & manitartechnicd resource budgets
* DevelopICDs, DaaFlows, efc.
* Coardinete subsystem development

GPM SDR December 6-8 2005 System Engineering

Process

Update

Element
Requirements

Element Technical
Documentation

* Functiordl Allocations

* Trade Results

* (others as desired by

dement maregers)

GODDARD SPACE FLIGHT CENTER
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\\

- L1 Traceability Completed
— All L1 have identified flowdowns

- L2 Traceability Completed
— All L2 have identified flowdowns

» Traceability Reports Available for Review

GPM SDR December 6-8 2005 System Engineering GODDARD SPACE FLIGHT CENTER @;11
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LEVEL 1 TRACEABILITY REPORT @GPM SDR

Parent [Parent RQMT Parent RQMT RQMT # L1 RQMT Section L1 RQMT Heading Child RQMT # |Child RQMT |Child RQMT Heading
RQMT # |Section Section
222 Project Elements HQ113 3.1.2.5 NASA Provided Spacecraft
HQ69 3.1.3.1 Spacecraft Monitoring and
Control
HQ70 3.1.3.2
Science Data Handling
1 3.1.3.3
Precipitation Processing System
HQ72 3.1.3.4 (PPS)

—

Ground Validation System (GVS)

222

Project Elements

3.1.3.1
Control

Spacecraft Monitoring and

Interface to Flight Segment

Interface to Flight Dynamics
Facility

Interface to Launch Sites

Health and Safety Monitoring

LEVEL 2 TRACEABILITY REPORT DEC 03 2005 /

Section # Parent Object Heading / Level 2 Requirement Level 3 Requiremnent
/‘\ //—\\
3.1.3.1 Spacecraft Monitoring and Control A7.1.15°\__|Interface to Flight Segment SN SVCS 03100\ SN -- One way Doppler service
I/ 7115 '\ I/ SN SVCS 03200 \ SN -- Differential One-Way Doppler Service
3.1.3.1 Spacecraft Monitoring and Control \ 7.1.16 } Interface to Flight Dynamics Facility —N FDF 00100 | FDF ephemeris determination for TDRSS
/ \
3.1.3.1 Spacecraft Monitoring and Control 17.1.17_A__|Interface to Launch Sites \ [DCPROC 00350 / Source Packet extraction

N
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GSFC Rules

- GSFC-STD-1000, Rules for the Design, Development, Verification,
and Operation of Flight Systems, Rev. A, May 30, 2005

- Captured in DOORS
— By project phase

MEASUREME]

- Reviewed by Systems Engineering for applicability by Element
- Element leads report on compliance
- Report at each major review status of compliance

* Rule compliance issues to be resolved by PDR (comply or waive)

- I1-I 21 1 ‘I\/Alssmn critical telemetry - Potential SC transmitter interference with

— 4.23 Life Testing - Demisable Reaction Wheel, GMI BAPTA under study

PRECIPILT AT I O N

'GLOBAL

» Form GSFC 4-39, Goddard Rules Compliance Matrix to be submitted t(@
6-13

) GSFC Office of Mission Success for concurrence prior to PDR

GPM SDR December 6-8 2005 System Engineering GODDARD SPACE FLIGHT CENTER
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- Requirements Tracking and control process includes use of DOORS
database to insure no orphan requirements and proper traceability and
flow down.

- Verification Tracking using DOORS database will include the following
fields

— Ownership to identify which individual(s) is(are) responsible for verifying this
requirement

— Verification method; Inspection / Analysis / Demonstration / Test
— Verification Documentation to show where the requirement is verified
— Verification Result Summary

- Mission Verification Plan will define overall process and plan for
completion.

— Will contain the approach for both Environmental & Performance Verification per
GSFC-STD-7000 (GEVS)

— Defines what tests are performed at what level and which verifications are
accomplished at each test

— Defines creation of Mission verification matrix which will record component and
subsystem level verifications completed and establish required testing at system

level during I1&T.
@) GPM'SDE’@QWI;QQJJWO@B%Engineering GODDARD SPACE FLIGHT CENTER 6-14
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- Engineering Peer Review Plan (EPRP) was prepared in

accordance with the Goddard Procedural Requirements (GPR)
document governing Engineering Peer Reviews (GPR 8700.6A)

- Describes Engineering Peer Review (EPR) process that GPM will

utilize throughout the mission’s life cycle

- Project will coordinate the logistics for managing recordkeeping

W
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EPR Preparation Engineering Peer Review

w
=
w
o Ensure Review
objectives are
-2 achieved
Preside &
v —» facilitate
e I R Record reports /
recommendations /
w Provide EPR NO RFAs
. Chair with . Provide Review .
Appoint EPR . chedule Notify IR N Scrutinze
= Chair Sek.-)ct prelim Asses§ team| ygg - Chairs of materials to all materials
. —» Review ~—® agendaand —m readiness —¥ . —- team members = . — .
(Review - 6 . - and netify scheduled X prior to Peer - Examine
Team materials for Review (Review - 1 " ¥
Weeks) (Review-3 PM EPRs week) Review Present drawings,
K materials & designs, etc. .
=4 weeks) coordinate - Evaluate test . SUt.’m't
g w/ product results Impressions e_md
(o) — o P recommendations
members implementation
o plans
-
< Post-Review
[
s Provide
copy of
Q. . report to IR
Summarize Chairs
—> team
o ) h Issue report Prepare and -
Impressions and RFA list to send RFA QU ttempt to PR
b PDL and PM Maintain list L Im;l:gr::t/ . responses to L :1 d O?zfns] - resolve any "~ Report RFA Update RFA
(NLT Review | | of RFAs EPR Chair differences Status to PM list
i + 5 business RFAs and Review PDL \Qpinion
o . gompile g days) Team demfsmn
— findings ani
RFAs
Q. Direct PDL
inany | Legend
unresolved |
& cases Project Manager P’“‘L"e‘az"s'gn EPR Chair EPR Team
<
o0
o
= @
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- System Engineering Peer Reviewers: Dave Everett (Chair), Steve
Leete, Cindy Firman, Ken Yienger (Ops Concept)

- SE Peer Reviews
2285ep05 - Operations Concept
070ct05 - L1/L.2 Requirements
210ct05 - Architecture and Budgets
22Nov05 — SEMP

- All comments from reviews addressed in updated documents
— Updated Mission/Core Spacecraft Operations Concept Documents
— Updated L1/L2 Requirements Documents
— Updated Architecture and Technical Resource Budgets
— Updated SEMP

W
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LC

- Engineering Peer Reviews Prior to Mission PDR
— Systems Engineering
— SC Structure
— SC Thermal
— SC HGAS
— SC Propulsion
— SC Power Systems
— SC GNC (including RWA)
— GMI Spin Mechanism Assembly (SMA)
— Observatory I1&T

— Avionics Package Design
- FSW, GNC, Power, RF Comm., C&DH, Mechanical/Thermal

— MOS Design

— Ground System Requirements
- @QVSs

— PPS Build 1 Review

W
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° Risk: The combination of the probability that a project will experience an
undesired event and the impact of the undesired event, were It to occur

A risk has three components:
— Probability of occurring
— Impact if it were to occur

— Timeframe in which action must be taken

— Risk Identification & Characterization
— Analysis

— Planning

— Tracking

— Controlling

— Documenting and Communicating

Risk Management Plan under CM

N
L) @ GPM SDR December 6-8 2005 System Engineering

Process

Features of Continuous Risk Management (CRM):

PRIMX tool will be used for Risk Tracking
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Risk Identification & Characterization

Risk Identification
* Statement of Risk
* Consequence

Initial
Review

Vie_xble4
Risk

Prepare Risk Input
Form
* Enter into risk tool

Risk Disposition

Risk Board Review
* Assess Scope
* Assess affected Mission Level
* Assess Consequence
* Assess Likelihood
* Assign to Owner

Mark “Out of Scope”
———Out of Scope —» Document Rationale
Forward concern to appropriate office

——— lIssue ——» Implement Issue

. . Resolution Process
——— Viable Risk

>

* Context
Not
Viable
Return to Originator
with explanation
Risk Analysis
& Open Risks
Assign_Category _,| Assign Consequence
* Technical (Min = Catastrophic)
* Programmatic
* Cost -
* Schedule | .| Assign Likelihood
* Safety (Low > High)
| ,| Assign Time Frame
(Near - Long term)

Risk Tracking & Control

& Open Risks

Mitigate List

| Risk
Out of Scope
*‘Conduct Research
—® * Decide “Out of

Risk Plannin Scope” or *Viable”
RISK Flanning

Assign Action

. * Research — Research
. C?mpute Severity * Accept R E— Accept————————————®Mark "Accepted”
(Likelihood x Consequence) * Watch s - <
* Mitigate| * Search Lessons
Learned database Watch
»| *Establish Priority [~ Mitigate

A4

Plan(s)

* Develop Mitigation

* Develop Tracking
Parameters, Triggers
* Develop Contingency Plan

* Develop Contingency Plan
(as required)

Track “Watched” Risks
* Monitor Threshold

- Exceeded? Yes =
* Evaluate Contingency Plan

- Adequate? No = Update

A4

‘ Implement Contingency Plan

‘ Implement Mitigation Plan

Watch List

Risk Review
* Monitor Risk Status

* Monitor Contingency/
Mitigation Progress

* Close Resolved Risks

* Document and Report to
Project Staff

Upgrade to “Issue”

» Implement Issue
Resolution Process

 Mark “Closed”

N
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Document Rationale
Enter Lessons Learned

GODDARD SPACE FLIGHT CENTER
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Requirements:
— Level 1 Requirements Document Ready for Acceptance
— Level 1 Requirements Entered into DOORS and Allocated to Mission Elements
— Level 2 Requirements identified and allocated within DOORS
— Draft Level 2 Requirements Document available for review
— Draft Level 3 Requirements Documents available for review

Risk Management program established and on-going assessment at
mission & element level

Revised SEMP is ready for sign-off

Engineering Peer Review Plan has been revised and is under review by
team

Mission Design:

— Architecture and Mission Concept largely unchanged, with draft operations concept
documents available for review

W
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PRECILPIL T AT 1 ON
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- Exit Criteria
— SDR Approval—In work
— Verified L2 Req flow down from L1—Done via DOORS
— Approved Systems Engineering milestones through PDR - Under Review
— Established CM infrastructure and procedure - 422-PG-1410.2.1

- Outputs
— Mission Operations Concept Document— Draft available, sign Jan 2006

— Mission (L2) Requirements Document - Readly for signature after SDR
inputs

— Functional Element Architecture Diagrams— SRR presentation
— Preliminary Element Interface Descriptions—SRR presentation
— Trade Study Results— SRR presentation
— Risk Management Plan - Signed off, under revision.
— SEMP —signed-off version updated - ready for CM
— Life Cycle Cost Estimates—presented on Thursday
— Verification Strategy— SRR presentation
&.
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Day 1 - December 6, 2005
Location: NASA GSFC B16W-N76/80

Process

Time Section Event Presenter
8:30 AM Logistics & Announcements Durning
8:35 AM 1 Introduction Durning/Ho
8:45 AM Charge to Review Team/RIDs: Purpose & Review Criteria Ho
8:55 AM HQ Overview Neeck
9:10 AM 2 GPM Mission Overview Durning
9:55 AM 3 Science Requirements Hou
10:25 AM Break
10:40 AM 4 Mission Requirements Bundas
11:10 AM 5 Mission Architecture Bundas
11:55 AM Lunch
12:55 PM 6 Systems Engineering Processes Bundas
1:40 PM 7 System Safety and Mission Assurance Toutsi >
1:55 PM 3 External Intertaces Hwang
2:10 PM 9 Dual Precipitation Radar (DPR) Overview/Requirements Woodall
2:55PM Break
3:10 PM 10 GPM Microwave Imager (GMI) Overview/Requirements  Flaming/Bidwell
4:10 PM 11 H-IIA Launch Vehicle Woodall
4:30 PM Review Team Caucus
4:40 PM End of Day 1
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